complexes established that they are electronically compatible dye-molecules for dye-sensitized solar cells.
Introduction. Ionic late transition metal complexes have received much interest due to their useful photophysical and electrochemical properties. They are now widely used in myriad applications ranging from bioimaging and sensing, 1 solid-state lighting in the form of lightemitting electrochemical cells, 2 electrochemiluminescence measurements, 3 dye molecules for dye-sensitized solar cells, 4 photosensitizers for solar fuels 5 and photoredox catalysts for organic transformations. 6 Though luminescent cationic ruthenium(II) and iridium(III) complexes have been widely studied, cationic platinum complexes, 7 particularly of the form [Pt(C^N)(N^N)] + have received much less attention (where C^N is a cyclometalating ligand such as 2-phenylpyridine and N^N is a diimine ligand such as 2,2'-bipyridine). Bernhard and co-workers recently showed that cationic Pt complexes absorb out to 450 nm and phosphoresce with low intensity mainly from a long-lived ligand-centered ( 3 LC) state over a very narrow energy range (480-500 nm) in DMF solution. These complexes were found to exhibit two reversible reduction waves associated with electron injection into the *-system of the bipyridine N^N ligand; oxidation of the Pt(II) ion was not observed. 8 Swager and co-workers recently reported that cationic platinum complexes with pendant hydrocarbon chains adopt liquid crystalline and mechanochromic behavior due to strong Pt … Pt interactions that guide self-assembly. 9 Selfassembled aggregation of cationic platinum complexes into micelles, films and polymers was used by Slugovc and co-workers to turn on red luminescence in these structures. 10 The weak emission of [Pt(ppy)(dppz-COOH)]OTf was found to red-shift and dramatically increase in intensity when intercalated within G-quadruplex DNA (dppz-COOH = 11-carboxydipyrido[3,2-a:2′,3′-c]phenazine; ppyH = 2-phenylpyridine). 11 The nature of the emission of related cationic tuning of the aryl moiety of the substituted phenylpyridine ligand. Substitution at the 3-position of the phenyl ring was chosen in order maximally impact the strength of the Pt-C bond, and by extention modulation of the optoelectronic properties of the complexes. The targeted complexes were obtained in two steps. The platinum dimers were synthesized from the corresponding 2-arylpyridines and K 2 PtCl 4 in refluxing 2-ethoxyethanol:water mixed solvent system (Scheme 1).
The dimers were isolated as yellow solids after precipitation with water from the reaction mixture and were immediately used in the subsequent cleavage step. Cationic platinum(II) complexes 1-5 were obtained in poor yield from the cleavage of the corresponding dichloro- confirm the structure and bonding about the platinum center, X-ray diffraction studies were carried out on 2 and 3, Scheme 1. Synthesis of complexes in study.
X-Ray Structures.
Single crystals of both 2 and 3 were grown by vapor diffusion from a solution of CH 2 Cl 2 and Et 2 O (Figure 1) . 19 Complex 2 crystallizes as orange needles in the orthorhombic space group Pna2 1 while 3 crystallizes as red prisms in the triclinic space group P . The two complexes adopt a distorted square planar geometry and exhibit similar bond lengths and angles ( Table 1) .
Compound 2 includes a molecule of half-occupancy CH 2 Cl 2 solvent. Figure 1 . Structure of the cationic complexes of 2 and 3, thermal ellipsoids are drawn at the 50% probability level. The PF 6 counterion, solvent molecules and second disordered form of coordinating ppy N and C atoms in 3 eliminated for clarity Both the acenaphthylene component of the Ar-BIAN and the 2-phenylpyridine ligands adopt near-planar arrangements, the 2-phenylpyridines being distorted further from planarity.
However, these two ligand components are not arranged in a coplanar manner, the angle between the planes formed being 14.7° and 33.1° for 2 and 3, respectively. This leads to a more bowed appearance for 3 in comparison to 2. In a similar arrangement to the conformation observed in
Ar-BIAN-containing iridium(III) complexes, the aryl groups of the Ar-BIAN ligand are oriented nearly orthogonal to the plane of the acenaphthylene component (for 2 81.6° and 85.2°, for 3 82.5° and 98.5°), thereby promoting intramolecular CH- interactions with both the -protons of the ppy ligand and the adjacent protons of the acenaphthylene ring.
The packing of the two complexes falls into two different modes, leading to significant differences in the internuclear Pt … Pt distances (Figure 2 and Table 1 . 24 The electrochemistry data, obtained at a scan rate of 50 mV s -1 , are shown in Table 2 . The CV behavior was largely reproducible at faster scan rates of 100, 200 and 1000 mV s -1 . The CV traces for 1-5 are shown in Figure 4 . 26 Based on these previous studies, the HOMO is assigned to be located on the Pt and the C^N ligand. The irreversible nature of this oxidation wave is due to the instability of the Pt(II)/Pt(III) couple, which is oxidised and reduced by the solvent. 27 However,
there is a strong effect on the oxidation potential through substitution on the Ar-BIAN ligand, suggesting that this ligand too is involved in the HOMO. For instance, the addition of an electron-withdrawing F atom in 2 promotes a 140 mV anodic shift compared to 1 while the presence of an electron-donating MeO group in 3 results in a 60 mV cathodic shift. Substitution at the 3-position of C^N ligand leads to the same trend but to a less pronounced degree (110 mV anodic shift for electron-withdrawing F substitution and 20 mV cathodic shift for electrondonating MeO substitution), suggesting that contribution from this fragment is less important though still implicated in the oxidation process.
The second irreversible oxidation wave lies between 1.51 V and 1.72 V. Due to the similar structure-property trends observed, this oxidation is also proposed to implicate the platinum metal center, and both the Ar-BIAN and the C^N ligands. Electronic spectroscopy. The UV-visible absorption spectra for 1-5 were recorded in aerated MeCN at 298 K. The spectra are shown in Figure 5 and the calculated molar absorptivities, , for the absorption bands are summarized in a Absorption spectra recorded in air-equilibrated MeCN at 298 K.
The absorption profiles for 1-5 between 300 and 400 nm exhibit three separate bands. These three bands are not affected by substitution on the Ar-BIAN ligand. On the other hand, the two closely spaced high energy bands become less-well resolved and are slightly blue-shifted in 5
while being red-shifted in 4 compared to 3, thus implicating a transition with significant C^N character. The lower energy band in 5 is somewhat red-shifted broader, tailing out to 370 nm.
In the region between 400 and 500 nm, there is a modest blue-shift in the absorption profile of No emission was detected out to 800 nm for 1-5 at both 298 and 77 K upon excitation at 365 nm under de-aerated conditions. It is possible that very low energy emission could exist 18c, 30 and further efforts to check emission past 800 nm are presently underway. However, non-radiative deactivation through distortion of the square-planar structure towards tetrahedral has also been observed in platinum(II) complexes.
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Conclusions.
Herein we have reported a series of novel, absorptive cationic platinum(II) complexes bearing a substituted 2-phenylpyridine cyclometalating ligand and a Ar-BIAN diimine ligand. These complexes were obtained in low yields (12 -25%). X-ray structural analysis on two of these complexes, 2 and 3, unambiguously confirmed their square planar geometry and structure.
The electronic and electrochemical properties of 1-5 were investigated. The absorption profiles showed absorption out to 650 nm, with molar extinction coefficients on the order of 10 4 M -1 cm -1 .
The addition of electron-withdrawing and electron-donating groups on both the C^N and Ar-BIAN ligands was explored and structure-property relationships were established. A combination of electron-donating methoxy substitution on both ligands in 5 resulted in the largest observed red-shift of the absorption spectrum. The oxidation waves were found to be irreversible while the reduction waves were found to be reversible. The first oxidation wave, corresponding to the HOMO, lies between 0.85 and 1.07 V while the excited state oxidation potentials were found to be between -1.01 and -1.27 V. Though the optical gaps for these complexes are larger than would be preferable (1.86 -2.20 V) for dyes for DSSCs, the orbital energies satisfy the requirements for their use in DSSCs. Efforts are presently ongoing to modify the Ar-BIAN ligand to incorporate an adsorbing unit, which would have the expected benefit of pushing the absorption further to the red.
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Supporting Information. X-ray crystallographic data for 2 and 3 in CIF format. Tables of   crystallographic refinement General Procedure for the formation of arylboronic acids. Adapted from a protocol by Reider and co-workers. 32 The aryl halide (5.37 mmol, 1 equiv.) was charged in dry toluene (9.5 mL) and THF (2. 
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General procedure for the synthesis of arylpyridines. Adapted from a protocol by Rabe and coworkers synthesis. 35 Pd(PPh 3 ) 4 (5 mol%) was added to a degassed solution of 2-bromopyridine (3.8 mmol, 1 equiv.) , K 2 CO 3 (10.8 mmol, 3 equiv.), and boronic acid (4.94 mmol, 1.3 equiv.) in the dioxane (35 mL) and water (8 mL). The mixture was then degassed and heated to reflux for 18 h. Water was then added and the product extracted from DCM (20 mL). The crude oil was purified by chromatography (hexane/diethyl ether, 90/10%).
2-(3-methoxyphenyl)pyridine (3MeOppy):
Yellow oil (0.570 g). Yield: 81%. Adapted from a protocol Thompson and co-workers. X-ray crystallography. Data for complexes 2 and 3 were collected by using a Rigaku FR-X Ultrahigh brilliance Microfocus RA generator/confocal optics and Rigaku XtaLAB P200 system, at 173 K for 2 and 93 K for 3, using graphite monochromated Mo Kα radiation (λ = 0.71073 Å), and ω steps accumulating area detector images spanning at least a hemisphere of reciprocal space. All data were corrected for Lorentz polarization effects. A multiscan absorption correction was applied by using CrystalClear. 38 Structures were solved by Patterson (PATTY) 39 or direct methods (SIR2004) 40 and refined by full-matrix least-squares against F 2 (SHELXL-2013). 41 Non-hydrogen atoms were refined anisotropically, and hydrogen atoms were refined using a riding model. Compound 2 contained a molecule of CH 2 Cl 2 solvent that, on refinement, appeared to be partially occupied. The occupancy of these atoms was fixed at a half. Compound 3 exhibited disorder in the ppy ligand, such that N and C positions were equivalent. This was modelled with equal occupancies for carbon and nitrogen in the same sites. All calculations were performed using the CrystalStructure interface. 
